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THE TOXIC PRODUCTS OF THE BACILLUS OF 
HOG-CHOLERA. 


By FREDERICK G. NOVY, Sc.D., 
INSTRUCTOR IN HYGIENE AND PHYSIOLOGICAL CHEMISTRY IN THE 
UNIVERSITY OF MICHIGAN, ANN ARBOR, 


Tue fundamental researches of L6ffler, Schiitz, 
_Lydtin, and Schottelius, in Europe, and of Salmon 
and Smith, in America, have demonstrated the 
existence among swine of at least three distinct 
infectious diseases. ‘These are: 

1. Hog-erysipelas, or vouget of France, and 
schwetnerothlauf of Germany. : 

2. Swine-plague, or schweineseuche. 

3. Hog-cholera, or schweinepest. 

The first of these, hog-erysipelas, is exclusively a 
European disease, and has not, so far as known, 
been observed in this country. In the course of this 
disease only general symptoms of infection, as in 
anthrax or septicemia, are manifested. The most 
important anatomical changes are as follows: The 
spleen is markedly swollen and dark-colored ; the 
mucous membrane of the stomach and intestines is 
inflamed and infiltrated with blood; a parenchy- 
matous inflammation of the liver, heart, and muscles 
is present, as well as some reddening of the skin. 

The second disease, swine-plague, appears to be 
common to both continents. It may be character- 
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ized as an inflammation of the lungs and skin, ac- 
companied with death of the lung tissue and slight 
symptoms of infection. When the disease becomes 
chronic, a caseous condition of the lungs results which 
may excite a similar condition in the lymphaee 
glands and the joints. 

The third, hog-cholera, is preéminently a disease 
of the digestive tract, and the large intestine is 
especially involved. It is the great swine-disease of 
this country, and is very probably present in Eng- 
land associated with other forms of disease under 
the name of swine-fever. On the European Conti- 
nent this disease was unknown until 1887, when 
it suddenly appeared in France, Sweden, and 
Denmark. 

Apart from this sudden visitation of hog-cholera 
in the above-mentioned countries of Europe, it may 
be said that on the Continent there are two preva- 
lent diseases—hog-erysipelas and swine-plague. In 
this country the former is entirely absent, and ap- 
pears to be replaced by hog-cholera, so that the 
two swine-diseases in America are hog-cholera and 
swine-plague. . 

A very careful bacteriological study of these three! | 
diseases has shown their microbic origin. The 
researches of Léffler demonstrated the etiological 
importance of the bacillus of hog-erysipelas; those 

of Schiitz accomplished the same with reference to 
the bacillus of swine- plague ; and lastly, Salmon and 
Smith have demonstrated that hog-cholera owes its 
origin to a specific bacillus. 

But even when the causal relation of a germ toa 
disease has been shown, it does not follow that all 
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the problems connected with the production of the 
disease have been settled. Rather the reverse. The 
first question that then arises is: ‘‘ How does the 
germ produce the disease?’’ To answer this ques- 
tion briefly, without taking up discarded theories of 
only historical importance, consider the growth of 
the simple yeast-cell, an organism closely related to 
the bacteria proper. The saccharine solution in 
which the yeast-cell is grown may produce, when 
ingested, marked toxic symptoms—~, ¢., intoxication. 
The effects are not due, as is well known, to the 
yeast-plant directly, but to the chemical products 
formed by its growth—in this case, to the alcohol. 
And such is the explanation of the manner in which 
bacteria produce disease. In the body, whether of 
man or animal, these small disease-producing micro- 
organisms find all the material necessary to their 
growth and multiplication. Like all living beings, 
they consume material which enables them to grow 
and multiply, and at the same time they secrete or 
give off products of cell-metabolism which may or 
may not be injurious—z. ¢., toxic. Analytic as 
well as synthetic changes are constantly carried on 
during the lifetime of the simple bacterial cell, cor- 
responding thus in every respect to the more highly 
organized members of the vegetable and animal 
kingdoms. 

Among the products resulting from the growth 
of these microdrganisms none have received more 
attention up to the present day than those*which are 
known under the generic name of ptomaines. ‘The 
word ptomaine, first applied by Selmi to designate 
the basic or alkaloidal compounds which he found 


4 NOVY, 


in decomposing cadavers, has been enlarged in its 
significance so as to embrace all basic products 
formed by bacteria in general. We, therefore, may 
have ptomaines produced by the activity not only of 
disease-producing bacteria, but also by the engen- 
derers of putrefaction. With respect to their physi- 
ological action, it is customary to speak of toxic 
and non-toxic ptomaines. Quite recently, however, 
Brieger, of Berlin, who has done more than anyone 
else to bring light into this heretofore obscure field 
of knowledge, has proposed to restrict the word 
ptomaine to only the non-poisonous basic products. 
generated by the activity of bacteria, and to desig- 
nate the poisonous basic bacterial products by a 
corresponding generic term, foxzme. It is unneces- 
sary, at this point to consider the merits or faults of 
this classification, and beyond the mere statement 
of the fact it will receive no further attention. The 
term ptomaine has at present such a well-accepted 
significance that it seems undesirable to restrict its 
meaning, and for that reason it is retained in this 
paper in its original sense. 

In the light of very recent investigations, how- 
ever, it seems that the noxious functions of bacteria 
can be manifested in the production of toxic bodies 
other than ptomaines. The latter may be considered 
as the final products of the action of bacteria on the . 
proteid molecule; but intermediate between the 
complex harmless proteid and simple but toxic 
ptomaine ,we may have one or more cleavage-pro- 
ducts closely related to and apparently undistin- 
guishable from the parent proteid molecule, except 
in physiological action. These new poisonous pro- 
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ducts generated by bacteria have been designated 
as toxalbumins by Brieger and Frankel. 

A brief résumé of the work of these two investi- 
gators will not be out of place at this point. Its 
great importance from a chemical standpoint, and 
the influence that it will undoubtedly exercise in the 
future, bringing forth as it does a great, if not the 
greatest, etiological factor in microbic diseases, will 
be readily recognized. 

In studying the poisonous products generated by 
the growth of Léffler’s diphtheria bacillus, Brieger 
and Frankel found that the culture, liquid-freed from 
its bacteria by filtration, possessed a high degree of 
toxicity, which was partially lost when the liquid 
was kept at 60° C. for a short time, and completely 
destroyed by an exposure of ten minutes to a 
temperature of 100°. It could, however, be evap- 
orated at 50°, or less, even when acidulated with 
hydrochloric acid. This showed that the poisonous 
substance was readily decomposed by a temperature 
exceeding 60°. A careful examination for basic 
products yielded absolutely negative results. The 
poisonous principle was found to be insoluble in 
absolute alcohol, but soluble in water, and thus 
could be obtained in a condition of purity. Its 
reaction showed it to be related to the serum-albu- 
mins, while chemical analysis indicated relationship 
with the albumoses or peptones. Even in very 
small quantities it causes in rabbits fatal results, 
which may not supervene until after an extraordina- 
rily long time—weeks, and even a month. 

From cultures of the same bacillus, after it had lost 
its virulence, a similar proteid body was obtained, 
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which, however, was wholly inactive. Cultures of 
the bacillus of typhoid fever, of the bacillus of 
cholera, and of the staphylococcus pyogenes aureus 
yielded toxic globulin-like bodies ; whereas, those 
of the tetanus and anthrax bacilli give toxic albu- 
min-like bodies, resembling that obtained from 
diphtheria cultures. 

Independently of Brieger and Frankel, and at 
about the same time, Baginski and Stadthagen found 
that cultures of a common saprogenic intestinal ba- 
cillus, similar to, if not identical with Finkler-Prior’s 
bacillus, produced, in addition to a moderately 
poisonous base, a toxic proteid substance related to 
the peptones. : 

The existence of poisonous proteid bodies formed 
by the growth of microérganisms, was shown by 
Christmas and by Hankin, some time previously to 
the investigations just referred to. From cultures 
of the staphylococcus pyogenes aureus, Christmas 
(1888) isolated a proteid substance which, when 
introduced into the anterior chamber of the eye, or 
into the subcutaneous tissue, produced suppuration. 
Hankin, in 1889, obtained immunity in mice and 
guinea-pigs against anthrax by first inoculating the 
animals with an albumose-like body, which he ob- 
tained from cultures of the anthrax bacillus. 

In the following pages the results obtained froma 
study of Salmon’s bacillus of hog-cholera will be 
given. ‘The work at first was made to cover a search 
for the ptomaines generated by this microérganism, 
but subsequently has included an examination for 
toxalbumins. ‘The methods pursued in this investi- 
gation were in general an adaptation of the methods 
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of Brieger. The culture of the microdrganism em- 
ployed was obtained from the Agricultural Depart- 
thent at Washington, and before use was passed 
through a number of rabbits in order to secure 
maximum virulence. 

Methods and results of analysts.—As a culture- 
medium pork broth was employed, and was prepared 
as follows: The finely-hashed pork was treated with 
distilled water, in the proportion of one litre of 
water to 500 grammes of meat. The mixture was 
then placed in tin pails, and heated in a steam ster- 
ilizer two hours daily for several successive days, 
in order to remove the excess of fat. This done, 
the material was poured into a number of half-litre 
and litre flasks, which had been previously cleaned, 
closed with a tight-fitting plug of cotton, and effi- 
ciently sterilized by heating for two or three hours 
at about 175°. The flasks, thus equipped, were 
sterilized in a Koch’s steam-sterilizing apparatus by 
heating, two hours each day, for three consecutive 
days. When cool the contents were inoculated 
with the above-mentioned virulent culture of the 
hog-cholera bacillus, and the flasks then set aside in 
incubators, at a temperature of 35-37° C., where 
they remained nearly eight weeks. 

At the expiration of that time the flasks were 
taken out and the contents subjected to examina- 
tion. They were found to possess a strong alka- 
line reaction and an amine odor. A portion when 
heated on a water-bath gave off alkaline vapors, 
and the odor was more marked. Only those flasks 
were reserved for further study which were found to 
contain pure cultures of the hog-cholera bacillus. 
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Several preliminary examinations were made to 
ascertain the presence or absence of phenol, indol, 
and related bodies, For this purposeabout 100 c.c. 
of the clear culture-liquid were acidulated with 
sulphuric acid, a marked effervescence resulting, and 
then subjected to distillation. A number of such 
distillations were made, but at no time was any 
reaction obtained on addition to the distillate of 
bromine water, or of hydrochloric or nitric acid, 
showing the entire absence of phenol, skatol, and 
indol. 

The remaining contents of the flasks were then 
acidulated with hydrochloric acid and filtered 
through muslin. The filtrate, amounting to about 
six and a half litres, was neutralized with sodium 
carbonate solution, and evaporated on a water- 
bath. The residue of meat-fibre was extracted with 
about three and a half litres of five-per-cent. hydro- 
chloric acid solution, filtered, and the filtrate 
evaporated separately, taking care, as before, to keep 
the liquid neutral. 

In both cases thick, syrupy reside were obtained, 
which were taken up with successive portions of 
absolute alcohol, the extraction being markedly facil- 
itated by the use of a pestle, whereby the material 
was reduced to a fine granular condition. The 
alcoholic solutions thus obtained were then combined » 
and filtered, and the clear solution was precipitated 
with an alcoholic solution of mercuric chloride. An 
abundant, white, amorphous precipitate was ob- 
tained. This was filtered off, washed with absolute 
alcohol, then suspended in distilled water, and de- 
composed by a current of hydrogen sulphide. After 


THE BACILLUS OF HOG-CHOLERA. 9 


removing the sulphide of mercury by filtration the 
filtrate was concentrated, taking care to keep the 
liquid near the neutral point, and finally again 
treated with hydrogen sulphide to remove the last 
traces of mercury. 

The filtrate, now perfectly free from mercury, was 
neutralized and evaporated to dryness on a water- 
bath. A yellowish-brown syrup, containing some 
needle-shaped crystals and some crystals of salt, 
was obtained. This was taken up in tooc.c. of 
distilled water, neutralized, and small quantities were 
injected into rats. One-fourth c. c. produced death 
in a very short time, preceded by spasmodic con- 
traction of the limbs. The animal died on its side, . 
with the feet extended. One-eighth c. c. produced 
marked excitement at first, but subsequently the 
animal assumed a fixed position, and the eyes were 
half-closed by athick secretion. It was found dead 
thirty-six hours later, lying on its side, with the 
feet extended. Post-mortem examination showed 
bright-red lungs; heart in diastole; liver dotted 
with minute hemorrhagic spots; spleen very light 
in color; kidneys mottled with superficial necrotic 
spots; and intestines reddened along the entire 
length, and with swollen, inflated patches. 

These experiments demonstrated that a substance 
of marked toxic properties was present in the residue 
from the mercuric chloride precipitate. The so- 
lution was again evaporated to dryness on a 
water-bath, and the residue again extracted with a 
considerable amount of absolute alcohol. The 
alcoholic solution was,in turn precipitated with 


alcholic platinig chloride.,..A rather, large flegh- 


alcoholic platinic chloridé, A rather large flesh- 
Fd 
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colored precipitate was obtained, which was _ trans- 
ferred to a filter and washed well with absolute 
alcohol. | 

The filtrate from the platinic chloride precipitate 
was diluted with water, and decomposed with hydro- 
gen sulphide, and the filtrate thus obtained gave a 
small quantity of a sticky syrup, apparently identi- 
cal with the syrupy salt obtained from the platinum 
precipitate. It may be mentioned at this point that 
the mercuric chloride filtrate was decomposed in like 
manner. It gave aconsiderable amount of ammonia, 
but otherwise no toxic substance was present. 

The platinum chloride precipitate was then treated 
with cold distilled water, which readily dissolved all 
but a very small portion. The solution was filtered off, 
and the filtrate on standing gave a yellow deposit of 
a platinum compound, which under the microscope 
appeared perfectly homogeneous, and in the form of 
clear, yellow, oil-like globules. This deposit was 
filtered off, well washed with water, then dried at 
75°C. The filtrate, on standing forty-eight hours, 
gave a second deposit, which was likewise removed 
by filtration, washed and dried as before. This 
deposit was subjected to elementary analysis, and 
the results obtained were tabulated (Table I.). The 


TABLE I. 

Per cent. found. Calculated per cent. 

r . ~ Average. for 

1 IL. CsHy4N4PtOs. 
12S 00,19 19.49 19.84 19.66 
a ee Rte 3.14 2.90 287. 
Mee ee a 11.65 11.47 
Pt == 39.64 39.90 39:77. + 39-80 
er eg iS Mad ee es 26.20 
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addition of alcohol to the solution of the platinum 
precipitate, after removal of the last deposit, gave a 
light-yellow granular precipitate, which was found to 
consist almost entirely of the same compound as 
before. The alcoholic filtrate from the original 
platinum chloride precipitate, on standing some 
days, likewise gave a deposit of the same character- 
istic bright-yellow oil-like globules, which were 
likewise separated by filtration, well washed with 
water, then dried at 75°, and analyzed. ‘The sub- 
stance was not found to contain chlorine or sulphur. 
The results obtained are given in Table II. 

In the dry condition this compound, which, per- 
haps, is closely related to creatin, forms a dull- 
yellow powder. When completely dry, it is insolu- 
ble in hot and in cold water; soluble in acids and 
alkalies, from which solutions it gives precipitates 
with barium chloride and silver nitrate. Owing to 
the small quantity at my disposal it was not possible 
to free the substance from platinum. 

The dilute alcoholic filtrate from which the pre- 
ceding compound was obtained was found to con- 
tain a platinum salt, crystallizing in long needles. 
In order to isolate this substance the filtrate was 
diluted with water, and the platinum removed by 
hydrogen sulphide. The filtrate from the platinum 
precipitate was concentrated on a _ water-bath, 
taking care to keep the solution near the neutral 
point. The small amount of platinum which was 
still in solution, and had not been precipitated before 
owing to the presence of free acid, was now entirely 
removed, and the neutralized solution free from 
platinum was evaporated to dryness, or, rather, to 
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a thick, dark-yellow syrup. The residue was taken 
up in distilled water, and decolored as much as pos- 
sible with animal charcoal. The light-yellow solu- 
tion thus obtained was again evaporated to dryness, 
and, in order to remove the salt, the residue was 
extracted with cold absolute alcohol, in which the > 
syrupy portion was found to dissolve quite readily. 
The alcoholic solution in turn was evaporated to 
dryness, the light-yellow syrup again taken up with 
cold absolute alcohol, and this operation repeated 
until all the salt was removed. 

In this manner a light-yellow syrup was finally _ 
obtained, which showed no tendency to crystallize, 
even when kept for a week at a temperature of 
37°. It was soluble in water and alcohol, and 
proved to be the hydrochloride of a new base. In 
order to prepare it in a form suitable for analysis it 
was taken up in cold absolute alcohol, and the clear 
solution precipitated by an alcoholic solution of 
platinum chloride. ‘The finely granular, light flesh- 
colored precipitate thus obtained was thoroughly 
washed with alcohol, dissolved in a small quantity 
of water, filtered, and from the filtrate the platinum 
salt was again precipitated by the addition of absolute 
alcohol. ‘This precipitate was transferred to a filter, 
well washed with alcohol, and finally dried at 75°. 
On elementary analysis it gave the following per- 
centage composition : C==-20.40, H=4.67, N=4.99. 
These figures agree very closely with the calculated 
percentages in the formula C,,H,,N,.2HCl.PtCl,, 
in which C=-20.57, H==4.79,, N=e4.9o.. Phe ee 
cent. of platinum in the substance, however, varied 
inthe several determinations, and from the theoreti- 
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cal value, so that it will be necessary to re-deter- 
mine the composition of this new base as soon as 
new material is obtained. 

The free base appears, therefore, to be a diamine, 
and future examination will prove whether it posseses 
the formula C,,H,,N,. It exhibits marked, though 
not very strong, toxic properties, as will be seen from 
the experiments to be described. Moreover, it ap- 
pears to be the only basic compound present which 
possesses such properties. On this account it is 
named, temporarily, swsofoxine, from the Latin 
sus, ahog. ‘The quantity obtained did not suffice 
for the isolation and study of the free base, and such 
examinations as were made were, therefore, confined 
to the hydrochloride. 

The hydrochloride was obtained by decomposition 
of the platinum salt as a light-yellow, perfectly clear 
syrup, which showed no tendency to crystallize or 
harden, either on standing at the ordinary tempera- 
ture or when kept for a week in the incubator 
at 35°. It is somewhat hygroscopic, and is readily 
soluble in water, as well as in cold absolute alco- 
hol. When heated with a fixed alkali it gives off a 
strong amine odor, such asis perceived on evaporat- 
ing the original culture fluid, if it happens to be 
alkaline in reaction. The following table gives a 
synopsis of its reactions with reference to the com- 
mon alkaloidal and other reagents: 
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TABLE II, 


Aqueous solution. 


Alc. tigCh :. 


Alc. PtCl, 


Pe. Ma es 
Mic. meric ped 5G 
Phosphotungstic acid 


Phosphomolybdic acid 


Sodium tungstate. 


PKI. 


Bromine water 


NH,0OH ; 
(NH4),COs . 
NH,CysS 
KOH. 


Pests... 
AgNO, a NH,OH . 
Tannic acid ; 


Lead acetate 
Copper acetate 


Alcoholic solution. 
| 
| 


Heavy, white pre- | 
cipitate, soluble in 
water. | 

Whitish precipitate, 
soluble in water. | 

Slight cloudiness. | 


Heavy, white preci- | 
pitate. | 
| 
Heavy, yellowish | 
precipitate. 
| 
| 
Flocculent precipi- | 
tate. 
Addition of water 
produces precipitate. 
Addition of water 
produces precipitate. | | 


Amine odor on heat- 
ing. 


eeenseeeod / 


Slight cloudiness. 


| Addition of alcohol 


produces precipitate. 


6g «6 (Z3 6é 


Heavy, white pre- 
cipitate, soluble in 
NH,OH. 
Heavy, yellowish 
| precipitate, soluble 
in NH4OH, pro- 
ducing faint blue 
color. 


| Dirty-brown precipi- 
tate. 
Abundant yellow 


precipitate. 
6é 06 66 


66 6é éo 66 


Slight cloudiness. 
Volatile amine on 


cay 


Heavy, flocculent, 
yellowish-white 


precipitate. 


«4 sé iz i Bi 
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The platinochloride 1s obtained by precipitation 


as a light, flesh-colored, granular precipitate. 


It 


is readily soluble in water, from which it can be 
reprecipitated by addition of absolute alcohol. 
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From aqueous solution, when allowed to evaporate 
slowly, it crystallizes in long, thick needles. 

The mercurochloride is thrown down from solu- 
tions of the hydrochloride in absolute alcohol, by 
alcoholic mercuric chloride, as a heavy, white, 
granular precipitate. This readily dissolves on the 
addition of a small quantity of water, and can be 
perfectly reprecipitated by addition of absolute alco- 
hol. On treatment with hydrogen sulphide it is 
readily decomposed, yielding the pure hydrochlo- 
ride. 

The aurochloride is very soluble in water and 
alcohol. From the alcoholic solution it may be 
partially: precipitated by ether as a light-yellow, 
oily precipitate, which is adherent to the sides and 
bottom of the tube. 

Physiological experiments.—By a series of pre- 
liminary experiments made with sterilized culture- 
fluid om animals, it was shown that a relatively large 
amount was necessary to cause fatal results in rats. 
Thus, 50 c.c. of the culture-fluid of the hog-cholera 
bacillus were sterilized by heating one hour at 60°, 
then acidulated with hydrochloric acid, and con- 
centrated at a low temperature on a water-bath to 
ee, ce. Of this, 3 c. c., representing 25 c. c. of-the 
original culture-fluid, were neutralized and injected 
subcutaneously into a young white rat. At first the 
animal was quite uneasy and jumped about, and the 
respiration became rapid; but it soon became quiet, 
the head most of the time resting, and the eyes 
closed. In about half an hour the gait became 
staggering, and asleepy condition, with unwilling- 
ness to move, prevailed. About four hours later 
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the animal became comatose, lying with the head 
horizontal, the respirations were slow and deep, and 
it finally died in this position. Post-mortem ex- 
amination showed some bloody infiltration under the 
skin ; a jelly-like mass at the seat of inoculation ; 
the heart in diastole; lungs bright-red ; some exu- 
date in the pleural cavity; liver soft, but otherwise 
normal in color and size; kidneys and _ spleen 
normal. 

The general course of the symptoms thus observed 
corresponded exactly to those obtained by inocu- 
lating rats with unsterilized cultures, except that in_ 
the latter case, where the disease lasted several days, 
a thick secretion formed between the eyelids anp 
the animal passed abundant soft fzeces. 

In another experiment the clear culture-fluid, 
after being sterilized by heating to 60° for one hour, 
was evaporated on a water-bath, without neutral- 
ization with an acid, to dryness. The residue was 
taken up in a little water, and a portion of this 
solution, corresponding to 15 c.c. of the original 
culture-fluid, was injected subcutaneously into a> 
young rat. ‘The animal remained in a perfectly 
quiet condition for some hours, with, perhaps, 
slightly increased respiration. Its hind legs soon 
appeared to be affected, for the animal sat upright 
with difficulty, and showed a tendency to topple 

over ; the eyes were closed ; ears pale. About four 
hours later it recovered somewhat, and was able to 
crawl about, though it had but partial control 
over its hind legs. Eight hours after the inoculation 
the-animal, seemed to, have, recovered,- but,the, next 
imornings was-foun d inh a, very depressed ne qn dition, 


morning was found in a very depressed condition, 


Tee BACILLUS OF HOG-CHOLERA. 17 


lying perfectly quiet, with the eyelids closed, and con- 
junctivee filled with a thick secretion. It remained 
in this condition during the entire morning, but 
about r Pp. M. toppled over on its side, and was 
unable to rise, though kicking vigorously. Finally, 
after some time, it regained an upright position, 
remained thus all the afternoon, and died during 
the evening. ‘The post-mortem examination cor- 
responded to that described above. 

This experiment showed that the sterilized culture- 
fluid retained its toxicity, when evaporated, without 
neutralization, to dryness. When smaller quantities 
of the liquid were employed for injection the animals 
survived: The equivalent of at least 15 c.c. had to 
be injected in order to produce fatal results. 

To test the physiological action of the syrupy 
hydrochloride, the following experiments were 
made: About too mg., dissolved in a little water, 
were injected subcutaneously into a young rat. The 
animal was at first quiet, apparently unwilling to 
move. After some ineffectual attempts at jumping 
it settled down in a recumbent position, and when 
placed on its side was unable to rise. Respiration 
was at first retarded, later increased, but toward the 
end was again very slow. Convulsive tremors shook 
the body at frequent intervals. ‘The animal kicked 
vigorously. Reflexes were present almost to the end. 
As death approached, the red eyes whitened and 
took.on a glazed, opaque appearance. Death re- 
sulted in one and a half hours. The animal was on 
its side, the feet extended. Post-mortem examina- 
tion showed the heart arrested in diastole, lungs rather 
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pale, stomach contracted, serum in thoracic cavity, 
subcuta pale and cedematous. 

A second animal was given half of the preceding 
dose. It appeared very much affected in the course of 
the following hour, moving with difficulty ; the next 
morning it was found with eyes closed, in a sleepy 
condition, and very unwilling to move. Forty-eight 
hours later this animal was given a second dose, the 
same in quantity as the first. This injection was 
borne without any apparent manifestation. Accord- 
ingly, the ideato make a third inoculation suggested 
itself, this time with the virulent pure culture of the 
bacillus, in order to see what degree of immunity, if 
any, had been secured. The animal was, therefore, 
inoculated subcutaneously with 1.5 c.c. of the 
bouillon-culture of the bacillus. As a control, two 
animals, from the same litter as the preceding, were 
selected, and were given by injection 1 and 2c. ¢. 
of the same culture, respectively. Both controls 
died the next day, whereas the test-animal did not 
show any signs of indisposition for more than 
twenty-four hours after the death of the controls. 
On the third day a moist secretion appeared about 
the eyes, and the animal became unwilling to move, 
but ate well. This condition continued during the 
fourth day, and the animal finally died on the morn- 
ing of the fifth day, more than three days after the 
death of the control-animals. 

This experiment would, indeed, seem to indicate 
that a partial immunity had been conferred upon 
the animal by the injection of apure ptomaine. It 
would have been very desirable to repeat it upon 
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a series of animals; but, unfortunately, the ma- 
terial was not abundant, and it was thought best 
to reserve the remainder for purpose of analysis. 
Whatever may be the significance of this last ex- 
periment, it is evident that the new base is decidedly 
toxic in action. 

Toxalbumins of hog-chotera.—The researches ot 
Brieger and Frankel, Baginski, Stadthagen, Hankin, 
and Christmas, already referred to, suggested the 
desirability of examining cultures of the hog-cholera 
bacillus, with reference to the presence or absence of 
these new toxic substances. 

For this purpose some pork-bouillon which 
had been inoculated with the bacillus of hog- 
cholera, was kept at 35-37° for a period of five and 
a half weeks. About 600 c. c. of the clear, filtered 
liquid were concentrated in vacuo at 36° to less than 
one-fourth its volume. The concentrated aqueous 
solution thus obtained was added, drop by drop, 
with constant stirring, to six or eight times its volume 
of absolute alcohol. The flocculent precipitate 
which formed was allowed to subside, then received 
upon a filter, and well washed with absolute alcohol. 
The filter was then spread open, and allowed to dry 
at the temperature of the room. There was thus 
obtained a light, dry, whitish, crumbling powder, 
which is readily soluble in water, yielding a slightly 
opalescent solution. 

To test its action upon the lower animals, 100, 50, 
and 25 mg., respectively, were injected into three 
young rats, from one litter. The animal which 
received 100 mg. shortly afterward began to crawl 
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vigorously around the side of the cage, on its belly, 
unable to rise. ‘The eyes were soon flooded with a 
thick secretion, and its toes became red. Finally, it 
became quiet, lying on its belly, with the feet ex- 
tended. The respiration became deeper, and a coma- 
like condition set in. Theanimal died, without strug- 
gles or convulsions, in about three hours. The animal 
which received 50 mg. went through the same course 
of symptoms, though to a less degree. It died 
under exactly the same conditions four hours after 
the injection. The animal that received 25 mg. 
became very sick, but finally recovered. The eyes 
were covered with a thick secretion, the toes were 
red, and the animal showed no disposition to eat or 
move. It passed a large quantity of soft feces. 
This condition lasted about two days, and on the 
third it disappeared. 

Asa control to the preceding experiments, as well 
as to test the virulence of the liquid which had been 
concentrated in vacuo, a young rat, belonging to 
the same litter as the preceding, was given 3 c. c. of 
the concentrated liquid. ‘The animal passed through 
exactly the same symptoms as those observed in the 
rat which had been given 25 mg., and finally died 
two days later. | 

One week later the rat which survived the injec- 
tion of 25 mg. was given a second dose of 30 mg., 
with scarcely anyeffect following. Inasmuch as this 
indicated the establishment of a tolerance for the 
poison, it was decided to continue the injections at 
intervals with successively increasing quantities, and 
then, if the animal survived the maximum dose of the 
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poison, to inoculate finally with a culture of the viru- 
lent germ, and thus obtain immunity to the disease. 
This expectation was realized. The animal was given, 
subcutaneously, at intervals of five, three, five, two, 
and four days, respectively, 40, 50, 75, roo, and 125 
mg., without any effects. Control-animals inoculated 
with 100 and 125 mg. invariably died in from three to 
six hours. Three days after the lastinjection of 125 
mg. the experimental animal was inoculated with 
1c. c. of a bouillon-culture of the highly-virulent 
germ. Only a slight temporary effect was observed 
during the first day, after which the animal re- 
covered its former activity and appetite, and has 
remained in good condition ever since. A control- 
animal, which was given the same quantity of the 
same culture, sickened on the next day, refused to 
eat or drink, rested most of the time in a perfectly 
motionless condition, and finally died one week 
later. 

From this experiment it will be seen that complete 
immunity can be produced in rats against the action 
of the bacillus of hog-cholera by previously intro- 
ducing into the animal successively increasing doses 
of the toxalbumin generated by this microérganism. 

A further study of this interesting toxic proteid is 
now being made, and the results obtained will be 
published in due time. It may be stated now, how- 
ever, that the toxic properties of the substance are 
not destroyed when the dry powder is heated for one 
hour at 72°, but are effectually destroyed by heat- 
ing for the same length of time at 100°. 

To summarize the results which have been ob- 
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tained from the study of the chemical products of 
the bacillus of hog-cholera, we may say that when 
grown in proper nutrient material it forms: 


ist. A basic toxic substance, or ptomaine—suso- 
toxine. 

2d. A toxic proteid substance, or toxalbumin. 

3d. ‘That this toxalbumin is capable of producing 
immunity in rats against the action of virulent 
bacillus. | 

In conclusion, I desire to express my thanks to 
my friend Mr. Charles J. Greenstreet, who kindly 
executed the elementary analysis in this work. “ 
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